INTRODUCTION
Members of the genus Streptomyces produce an enormous variety of biologically active antibiotics and morphologically differentiate in a manner similar to eukaryotic fungi. Mature colonies of these Gram-positive prokaryotic bacteria possess spore-bearing aerial mycelia that cover a lower layer of substrate mycelia growing on the surface of agar medium (Figure. 1 ). The production of antibiotics and the formation of aerial hyphae, which appear to be independent events, have been considered genetically correlated based on the occurrence of pleiotropic mutants that neither produce antibiotics nor form aerial mycelia. This pleiotropic regulation is thus an area of considerable interests in Streptomyces genetics [1] .
The translational regulation of this pleiotropy has, for instance, been demonstrated by extensive studies on bldA mutants obtained from two representative strains of streptomycetes : Streptomyces coelicolor A3 (2) that produces the blue and red pigments, actinorhodin and undecylprodigiosin, and Streptomyces griseus that accumulates streptomycin (SM) [2, 3] . The bldA gene encodes the leucyl tRNA for a rarely used UUA codon in streptomycetes, and the TTA codon specifying leucine is present in the regulatory genes for synthesis of the pigments in S. coelicolor A3 (2) and for the production of SM and aerial mycelium in S. griseus. In these streptomycetes, therefore, bldA defects that prevent leucyl tRNA synthesis lead to the pleiotropic phenotype.
The antibiotic biosynthetic genes are normally located on the streptomycete chromosome as a cluster of the structural, regulatory and self-resistance genes [4] . In S. griseus, the at C4 of the kasugamine moiety. We previously cloned a 22.4-kb chromosomal DNA region (kas cluster) containing the biosynthetic genes for KSM together with kac 338 the KSM acetyltransferase gene, kasKLM, ABC transporter genes, both of which are responsible for KSM self-resistance, and kasT, the KSM-biosynthesis-specific transcriptional activator gene [6] [7] [8] [9] . Meanwhile, we found that disruption of rpoZ, the gene encoding the RNA polymerase (RNAP) subunit omega (w), turned the wild-type S. kasugaensis into pleiotropic mutants, which were phenotypically similar to the bldA mutation, and clarified that the gene is required for KSM production and aerial mycelium formation in the streptomycete [10] 
RESULTS

AND DISCUSSION kas cluster, a gene cluster of kasugamycin biosynthesis
Antibiotic-producing streptomycetes generally harbor the selfresistance gene within the biosynthetic gene cluster, and a variety of such clusters have been cloned using the self-resistance genes as probe [4] . In a similar attempt, we initially cloned a 7.6-kb Pstl-Kpnl DNA fragment, including the KSM acetyltransferase gene (kac338) and eight genes (kasA-kasl) as illustrated in Figure. 4, from the chromosomal DNA of wild-type S. kasugaensis [7] . In fact, when the kac338 gene was introduced by plasmidmediated transformation into KSM-susceptible Escherichia coli, the transformed cells became highly resistant to KSM ( > 800 g/mL KSM). Furthermore, by repeated gene walking experiments around the 7.6-kb region, we obtained the kas cluster that contains 20 genes thought to be involved in KSM biosynthesis ( Figure. 4) [8, 9] . Of these 20 genes, the nine genes deduced or identified to date are summarized in Table 1 . Table 1 ) . Abbreviations : E , Eco RI H, HindIII K, Kpnl ; P, Pstl ; S, Sad. kasugamine and D-chiro-inositol moieties originate from UDP-N-acetylglucosamine (UDP-G1cNAc) and myo-inositol, respectively, and that the carboxy-imino-methyl group attached to the C4 amino group of kasugamine is derived from glycine [12] [13] [14] [15] [16] [17] . Based on these biosynthetic findings and the genes identified or deduced, we have proposed a pathway for KSM biosynthesis starting from UDP-G1cNAc as illustrated in Figure. 5 [18] . Initially, UDP-G1cNAc is dehydrated and then hydrated for formation of the keto functionality at C4. An amino group is then added to C4 by KasC, and glycine is subsequently attached to the amino group as a carboxy-imino-methyl group. After the acetyl group is removed from the acetamido group at C2, the resulting UDP-kasugamine moiety is glycosylated with myoinositol by KasA. Finally, KSM is synthesized via epimerization of the incorporated myo-inositol in a hypothesized intermediate into D-chiro-inositol by KasJ. KSM accumulating within the cells is thought to be exported outside the cell by KasKLM, which constitute an ABC transporter that is a member of a membrane-associated, ATP-dependent transport system widely present in prokaryotic and eukaryotic cells [8] . The three consecutive genes, kasK, L and M, show a characteristic feature in that they overlap at the sequence, ATGA, which includes kasL and M transcriptional initiators (ATG) and kasK and L terminators (TGA). This implies that kasKLM is transcribed into a polycistronic messenger RNA that is then most probably co-translated into the KasK, L and M proteins [8] . The kasT gene was found upstream of kasKLM. The product KasT possesses a helix-turn-helix motif as with many DNAbinding proteins and shows a 50% identity in its deduced amino acid sequence of strR, the transcriptional activator gene in the SM biosynthetic gene cluster [9] . Moreover, the fact that purified KasT protein was found to bind to the intergenic DNA region of kasU and kasJ implied that KasT is a pathway-specific activator of the KSM biosynthetic gene cluster [9] . To elucidate the specific functions of rpoZ, we disrupted the gene of wild-type S. kasugaensis by insertion of aphll, a neomycin resistance gene. The resulting mutant R6D4 exhibited a pleiotropic phenotype similar to the mutant KSB ( Figure. 6B (e) and 7B (e)). Furthermore, when intact rpoZ genes derived from S. kasugaensis and S. coelicolor A3 (2) , were introduced into the rpoZ-disrupted mutant by plasmid-mediated transformation, each of the transformed mutants demonstrated the restored production of KSM and aerial mycelia ( Figure. [19] . In contrast, inactivation of rpoZ results in failure to produce KSM and aerial mycelium without affecting growth rate in S. kasugaensis. Our findings on rpoZ, therefore, provide an important clue to the yet undiscovered physiological function of rpoZ (or the subunit co of RNAP) in prokaryotic bacteria.
Transcriptional dependence of kasT on rpoZ
As described in the preceding section, S. kasugaensis fails to synthesize KSM when rpoZ alone is specifically disrupted. To establish the underlying reason for this, we examined the transcriptional activity of the kas cluster biosynthetic genes by RT-PCR using the total RNA extracted from mutant R6D4 cells. As a result, no transcriptional activity was detected for kasT or the biosynthetic genes responsible for KSM synthesis. In contrast, however, we observed distinct transcription of kasKLM and kac' , genes for KSM self-resistance [18] . Subsequently, for forcible expression of kasT in mutant R6D4, we constructed a hybrid kasT gene in which kasTp, the original promoter of kasT was replaced by ermEp, the ermE (an erythromycinresistance gene) promoter recognized by the w-less RNAP. Introduction of the ermEp-kasT construct into mutant R6D4 by plasmid-mediated transformation stimulated transcription of the biosynthetic genes in the kas cluster and in consequence induced the transformed rpoZ-disruptant to produce KSM [18] . This result demonstrated that KSM production is controlled by transcriptional activation of the KSM biosynthetic genes by kasT. In addition, the recent study revealed that the kasT disruption turned the wild-type strains of S. kasugaensis into KSM non-producing mutants which still, however, formed aerial mycelia (data not shown here) . Transcriptional cascades are observed for biosyntheses of antibiotics such as SM and tylosin in these antibiotic-producing streptomycetes [5, 20] . As described in the introduction, transcription of strR, the SM-biosynthesis-specific transcription activator gene and a structural and functional homolog of kasT in KSM biosynthesis, is demonstrated to require AdpA, the DNA binding transcriptional activator [5] . It seems, therefore, most likely that kasZ, a transcriptional activator gene such as adpA, also exists for the kasT transcription. We assume that RNAP containing the co subunit might be required for the kasZ transcription and that the resulting KasZ might interact with the RNAP for the initiation of kasT transcription as shown in Figure 9 . We are in the process of cloning of the kasZ gene to elucidate the transcriptional mechanism of the kasT gene.
